The PeakForce Tapping technique was used for study of GaAs and GaSb surfaces treated by hexadecanethiol (HDT) the sensitive self-assemble compound. The results of both surface morphology control and electrical properties characterization have been presented.
Introduction
Atomic force microscopy (AFM) is now widely used in the eld of characterization of a variety of materials. In addition to the precise measurement of surface topography with a resolution enabling the observation of atomic steps, current devices of this type oer a number of additional features, including the study of electrical, magnetic and thermal properties. The next generation technology in this eld, complementary to already developed AFM technique, which enhance the range of possible applications, including automated mode topographic imaging and mapping modes allows to characterize the surface mechanical properties and electrical conductivity [1] .
In particular, the basis of the modes of operation is a technique called PeakForce Tapping, which is using the lever oscillation with a frequency far below resonance, and in such way can carry a surface scan during which each individual contact with the surface of the sample is treated as an independent force spectroscopy experiment. Each contact of the tip with the surface forms an individual force distance curve that is immediately analyzed using the unique software and electronics to enable realization of such measurements. In this way, the most important factor associated with the implementation of this technique of measurement the force of the contact between the tip and the surface of the sample is controlled in real-time.
Thanks to these innovations the area of application of atomic force microscopy has been expanded signicantly, allowing testing of materials that previously were not suitable for the use of such techniques. This concerns the thin organic monolayers on semiconductors, especially the sensitive self-assemble compounds, like thiols or thioacetamide.
Generally, the characterization of organic monolayers typically involves a combination of multiple techniques, like Fourier transform infrared spectroscopy (FTIR), * corresponding author; e-mail: papis@ite.waw.pl X-ray photoelectron spectroscopy (XPS), and scanning tunneling microscopy (STM). However, it is not sucient for a complete characterization.
Understanding the electrical properties is a crucial problem for a number of emerging applications, including molecular electronics and the use of semiconductors as a basis for chemical and biological sensing. Two parameters of particular interest have been the capacitance and the resistance of the organic monolayers. The possibility of using organic monolayers as dielectric has led to interest in characterizing the capacitance of individual monolayers. This is special true for the thiols layers on GaAs, InP, and GaSb semiconductors, which can be applied as the surface passivation treatment [2, 3] .
On the other hand, the thiols are very sensitive and typing mode, usual for AFM can damage such organic structures.
In this work, the PeakForce Tapping technique was used for study of GaAs and GaSb surfaces treated by hexadecanethiol (HDT) solution. The results of both surface morphology control and electrical properties characterization have been presented.
Experimental
The surface study was performed on (100) GaSb and 
Imaging mode
In the imaging mode, an electrically conductive probe is scanned over the sample surface in PeakForce Tapping mode as the feedback loop keeps the maximum force (peak force) exerted on the tip at a constant value by adjusting the extension of the Z piezo. This protects the tip and sample from damage while allowing the tip sample contact area to be minimized. 
IV spectroscopy mode
In addition to the imaging mode, PeakForce TUNA also measures local currentvoltage (I V ) spectra using the spectroscopy mode. In order to obtain IV spectra, the imaging scan is stopped and the tip is held in a xed location while the sample bias is ramped up or down. In spectroscopy mode, the feedback is switched to Contact Mode, a constant deection is maintained by the feedback loop while the sample bias is ramped. This assures that tipsample contact is xed while IV curve is taken. The resulting current through the sample is plotted versus the applied bias. The software can either record a single spectrum or average over multiple spectra.
The higher bandwidth of the PeakForce TUNA module allows IV curves to be taken at higher speeds; and it expands the bandwidth of AC based dI/ dV measurements, for instance, using the Generic Lock-in feature oered with the NanoScope R V Controller.
IV curves can also be taken using the Point &Shoot feature. The Point &Shoot feature oers the option of drawing a line or a box on an image, dening a number of points, and then the AFM tip will automatically move to those locations to capture one or multiple IV curves at each point. While this is a powerful automation feature, it often can be more useful to manually choose a few spots of interest at specic regions on the sample.
Results
The AFM image (Fig. 2 ) and the 3D surface roughness parameters ( The AFM images of (100) GaAs before and after chemical treatment in 2 mM HDTC 2 H 5 OH have been presented in Fig. 3 . The both surfaces are smooth (rms = 0.2 nm), but on the treated surface the characteristic thiols islands are visible. The images of thiols islands in the micro scale have been presented in another paper in this issue [4] . The adhesion measurements (Fig. 4) The IV characteristics (Fig. 6) show that when the force applied is much higher, the probe is making contact with substrate: as organic (thiols) lm prevent oxidation, a conductive behavior is observed and the current measured for GaAs with thiols layer is signicantly higher (I = 5 nA) compared with GaAs substrate without thiols (I = 0.2 nA).
The images of PF TUNA mapping and surface morphology of untreated GaAs surface have been presented in Fig. 7 . There are clearly visible places of higher conductivity conrming that oxide layer on the sample surface is inhomogeneous.
Additionally, an interesting result for treated GaAs surface has been shown in Fig. 8 . The electrical eld during earlier PF TUNA measurements has modied local chemistry since adhesion is increased, however electrical properties remain unchanged. 
